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Abstract 
Recent development technologies have demonstrated an increasing capability to estimate the spatial 
distribution of surface fluxes for very large areas with remote sensing techniques. The current state of progress in 
utilizing satellite-based remote sensing data to estimate various surface energy balance parameters. Remote 
sensing reflectance and emittance data can be used to estimate parameters needed to characterize Rn, G, and H, 
leaving LE to defined mathematically. In this research used Landsat ETM satellite data to extrapolate Surface 
Energy Balance (SEB) estimates in the Indonesian big city (case study: Surabaya) and characterizing the 
partitioning of fluxes among the different soil and lancover types found in the study area with tools Er Mapper and 
Arcview GIS. The general equation of SEB can be summarized as Rn= H + LE + G, (Rn is net radiation absorbed 
at the surface, G the flux of heat into the soil, H and LE are the sensible and latent heat fluxes into the 
atmosphere). The result is representation difference of energy balance components (Rn, G, H, and LE) in the land 
cover types. Net radiation and latent heat fluxes (Rn and LE) in urban region less then in vegetation region and 
water body. On the contrary, sensible heat flux and soil heat flux in urban land cover ( open land, reseidence, and 
industries) higher than vegetation area (plantation, forest, paddy field) and water body (water and embankment). 
The proporsional of SEB components also determined in this paper. 
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1. Introduction 
Shortwave radiation from the sun enters the 
surface-atmosphere system of the Earth and is ultimately 
returned to space as longwave radiation (because the Earth is 
cooler than the sun). A basic necessity of this energy 
interchange is that incoming solar insolation and outgoing 
· radiation be equal in quantity. Three main losses of solar 
radiation back to space occur in the Earth's shortwave 
radiation cascade. 4 units of sunlight are returned to space 
from surface reflection. Cloud reflection returns another 20 
units of solar radiation. Back scattering of sunlight returns 6 
units to space. The total loss of shortwave radiation from 
these processes is 30 units. The term used to describe the 
combined effect of all of these shortwave losses is earth 
albedo (Pidwimy 2004). 
Clouds, the atmosphere, and the Earth's surface reflect 
about 30% of the incoming solar radiation back into space. 
Therefore, the Earth's albedo is 0.30. The remaining 70% of 
the radiation is absorbed or thermalized to heat the Earth's 
surface; it evaporates water (latent heat), or causes 
convection (sensible heat) (Figure 1). 
The absorbed energy is eventually reemitted as longwave 
( or infrared) radiation, with 6% coming from the surface and 
64% from the clouds and atmosphere. This whole process is 
known as the Earth's heat engine. The calculation or 
measurement of the various paths for the radiation and 
energy flows are the Earth's radiation and energy budgets, 
respectively (Hoyt 1997). 
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Fig 1. Global longwave radiation cascade 
(Pidwimy 2004) 
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Many contro_versies and ironies exist in the sun/climate 
field One additional irony worth mentioning is the claim by 
Dove and Maury (oceanographers) in the last century that 
the sun's radiant output remains constant and therefore plays 
no role in climate change. Solar physicists have never been 
highly confident about the sun's constancy, since the sun 
shows some variability wherever it is observed (Hoyt 1977). 
The net radiation balance at the earth's surface determines 
the amount of energy which _can be transformed into the 
remaining components of the energy balance, i.e. the 
sensible, the latent, and the soild heat flux (Kalthoff et al. 
2006). Partitioning into these fluxes determines the local and 
regional climate. 
In this paper talk about advantage of surface energy 
budget estimation from satellite data in the big city ( case 
study in Surabaya as capital of West Java province, as 
improvement from recent result about evapotranspiration 
estimation from satellite data (Tursilowati et al. 2009). 
Figure 2 show the diurnal radiant temperature cycles for 
surface materials in equatorial. 
2.Methods 
2.J.. Data 
We use Landsat ETM satellite data (acquisition data : 23 
August 2002) for principal data, and the other data are RBI 
from Bakosurtanal, and observational data from BMG For 
case study is in Surabaya city ( capital of East 
Java-Indonesia). 
2.2. Methodology 
The basic method use surface energy balance equation that 
represent by equation 1: 
Rn=LE+G+ H (1) 
Rn = radiation net, LE = latent heat flux, G = soil heat flux, 
and H = sensible heat flux. 
Figure 3 represent methodology shceme for estimation of 
surface enery balance and land cover classification from 
Landsat satellite data. Land cover classification by using 
unsupervised classification method. 
Methodology scheme for estimation SEB components 
and land classification. 
Fig 2. Diurnal radiant temperature cycles for seleted surface 3. Result & analysis 
materials. 3.1. Landcover 
Land cover classification using unsupervised classification is 
In the figure 2 show that difference of diurnal radiant represented by figure 4. 
temperature cycles in the surface material types. The radiant 
temperature reach maxmimum intensity after midday 
(around 3 p.m.), the highest value of radiant temperature in 
land type of Bare Soil Rock and concrete, afterwards 
vegetation, water, moist bare soil and metal object. On the 
equatorial crossing time Landsat (around 9:45 am) the 
diurnal temperatur is starting reach. 
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Fig 4. Land cover classification of Surabaya. 
In the figure 4 show the land cover of Surabaya as 8 types, 
there are water body, forest, industry, residence, plantation, 
paddy field and embankment. The dominant land cover in 
Surabaya is residence and industries (9083 ha and 8062 ha 
respectively), then paddy field (5678 ha), embankment (3335 
ha), open land (3196 ha), plantation (2338 ha), and water 
body (122 ha). 
3.2. Net radiation 
Estimation of net radiation in Surabaya from Landsat satellite 
data is represented by figure 5 as below: 
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Fig 5. Net radiation of Surabaya in watt/m2• 
types, and embankment have highest LE. 
3.4. Soil heat.flux 
Spreading of soil heat flux (G) was represent by figure 7. 
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Fig 7. Soil heat flux (G) of Surabaya in watt/m2• 
In figure 7 show that soil heat flux in Surabaya. 
Estimation of soil heat flux need surface temperature, albedo, 
net radiation and NDVI. In this equation soil heat flux 
proportional with surface temperature, can be estimate that 
soil heat flux in urban area will be higher than in land cover 
that dominated by water (wet area). Figure 7 also represent 
soil heat flux in residence higher than the other land cover 
types. Soil heat flux in embankment is lowest if we compare 
In the figure 5 show that the net radiation in residence area is with the other land cover types. Also the case for 
less than area that dominated by water or vegetation. Lowest embankment and plantation soil heat flux lower than the 
net radiation is in residence region, paddy field, and industry, other land cover types. 
however highest net radiation in embankment and plantation. 
The net radiation value in urban area, paddy field, and 3.5. Sensible heat.flux 
industry are not significantly difference, then it can be The spasial of sensible heat flux spreading in Surabaya was 
concluded that net radiation in this land cover is similar. The represented by figure 8. 
same case also was represented in embankment region and 
plantation, that is not significant real. 
3.3. Latent heat flux 
Figure 6 represent spreading oflatent heat flux (LE) that was 
estimated from satellite data. 
Fig 6. Latent heat flux (LE) of Surabaya'in watt/m2• 
In the figure 6 show that latent heat flux (LE) as energy for 
evapotranspiration in water body and embankment are 
higher than the other land cover types. The lowest value of 
LE is in residence and industry (urban area). Land cover that 
dominated by vegetation will have value between these two 
land cover types (water area and urban area). LE is variate in 
land cover types, in residence lower than the other land cover 
Fig 8. Sensible heat flux (H) of Surabaya in watt/m2• 
In the figure 8 ·show that the spasial distribution of sensible 
heat flux that represent of air temperature. The difference of 
H in land cover residence in the urban and non urban area 
especially in sunny day is very large. Otherwise for region 
dominated by water, difference of H is very small, moreover 
surface temperature in land cover dominated by water in the 
morning and night will be less than air temperature. This 
means that sensible hat flux in residence is larger then water 
body i.e. embankment. Sensible heat flux in residence larger 
than in embankment and wet paddy field. 
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3.5. Composition of surface energy balance in land cover 
types. 
The composition of surface energy balance in land cover 
types is represented by figure 9. 
Residence Industry 
smallest proportion (plantation 8% and paddy field 9% ). 
In the wet area (water body and embankment) that 
represent in figure 9 ( c) is contrary in urban area. Similar 
with in vegetation area, the highest energy is energy for 
evapotranspiration (LE water body 84% and embankment 
83%), afterwards Hin water (9%) and embankment (10), 
and the samllest is energy for heating soil (G water body and 
embankment same as 7% ). The contrary proportion in the 
urban air, in wet area net radiation was used for evaporate 
more than fifty percent, then air tempearture in mid day 
colder then air temperature in urban area. 
Fig9(a).CompositionofSurfaceEnergyBalanceinUrban Figure9 (a) (b) and (c) could be explain by Fourier law 
area (residence and industry). (Holman and White, 1992) whose found heat transfer 
Plantation 
Paddy field 
Fig 9 (b ). Composition of Surface Energy Balance in 
vegetation area (plantation and paddy field). 
Water body Embankment o 
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Fig 9 (c). Composition of Surface Energy Balance in water 
area (water body and embankment). 
Figure 9 (a) show that net radiation in the surface of urban 
region (residence and industry) dominantly by energy for 
heating air (sensible heat flux/H) around 71 % for residence 
and 73% for industry, afterwards energy for 
evapotranspiration (latent heat flux/LE) around 18% 
residence and industry. The energy for heating soil is smallest 
(11 % for residence and 9% for industry). In urban area that 
dry land cover, priority of net radiation is for heating air and 
land surface, and the residu for evaporate water, this mean 
that is why air temperature in urban area hotter (higher) than 
non urban area. 
Figure 9 (b) represent proportion of energy in vegetation area 
(plantation and " paddy field). The energy for 
evapotranspiration is highest (61 % for plantation and 73% 
for paddy field), then sensibel heat flux in plantation (31 % ) 
and in paddy field (18% ), soil heat flux in vegetation is the 
formulation through conduction per unit ofland area as: 
!1_ = -k dT 
A dx 
(2) 
qi A is surface heat flux through conduction per area (w m2), 
dT/dx is temperature gradient (K m-1) and k is heat 
conductitity (wm-1K1). Negative symbol represent direction 
of heat moving from high temperature region to low 
temperature region. k value for three land cover types are: 
0. 76 (urban area), 0.56 (water body), and 0.12 (vegetation 
region), ((Holman and White, 1992). 
The same of temperature gradient for three land cover types, 
q/A is defined by k (heat conductivity). In the result G value 
for three land cover types are 10% (urban), 7% (water body), 
and 8.5% (vegetation) respectively. However H and LE 
depend on surface condition, in dry land (urban), LE very 
small, then domination of net radiation of H as indicator of 
air temperature in urban area high in the midday. In 
vegetation area and water body, most of energy is used for 
evaporation, then H smaller and air temperature in vegetation 
area and water body in the midday smaller than nightime. 
4.Summary 
Classification of Surabaya land cover with unsupervised 
classification method and overlay matrix show that land 
cover significance · change from vegetation region to non 
vegetation region in city central. 
Impact of land use land cover change in the big city 
especially in Surabaya as a capital of province is change in 
surface energy balance. 
Base on difference energy balance, net radiation and 
evapotranspiration in urban land cover smaller than 
vegetation area or embankment. Otherwise, sensible heat 
flux and soil heat flux in urban area larger than vegetation 
area or embankment. Any changes in land use from 
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vegetation area to urban area (non vegetation) will decrease 
evapotranspiration and net radiation, and increase sensible 
heat flux and soil heat flux. 
Surface energy balanc~ variable i.e. Radiation net (Rn), 
latent heat flux (LE), sensible heat flux (H) and soil heat flux 
(G). 
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